Objectives: To compare outcomes in patients with rib fractures (RFX) who underwent surgical stabilization of rib fractures (SSRF) to those treated nonoperatively.
INTRODUCTION
Operative management of rib fractures (RFX) has remained underutilized with some studies showing that only 0.7% of patients with flail chest undergo surgical treatment. 1 An analysis of the National Trauma Data Bank for patients with RFX revealed that nationwide, only 4.36% underwent surgical stabilization of rib fractures (SSRF). 2 Most patients who underwent SSRF (96.6%) did not have flail chest, whereas only 14.5% of patients with flail chest underwent SSRF. 2 This is an interesting statistic because flail chest is often considered a primary indication for SSRF. Recently, however, the use of SSRF has expanded as an alternative to nonoperative treatment. Dehghan et al 3 reported a substantial increase in the rate of surgical fixation of flail chest from 1% to 10% during an 11-year period. There are still many unresolved questions regarding the indications and contraindications for SSRF, and particularly, disagreement remains concerning SSRF in patients with pulmonary contusion (PC) or without flail chest. 4, 5 The aim of this study was to investigate whether surgery was beneficial compared with a nonoperative treatment. Our primary goal was to analyze selected variables of patients with SSRF and a nonsurgical matched control group (MCG). Our secondary goal was to delineate conditions when SSRF was beneficial, especially in the subgroups of RFX patients with PC and without flail chest.
PATIENTS AND METHODS
This IRB-approved retrospective cohort-matched control study included patients with radiologically confirmed (computed tomography scans and x-rays) RFX evaluated at 2 state certified Level 1 Trauma Centers over a 6-year period (2011) (2012) (2013) (2014) (2015) (2016) (2017) . The SSRF group contained 87 patients who were compared with 87 patients with RFX in the MCG. SSRF patients from the 2 hospitals were matched to nonoperatively managed patients with rib fractures (MCG) from that same hospital using the propensity score method. Propensity matching introduces randomization into the retrospective study and therefore reduces bias in the selection process. 6 Based on their importance in outcomes and treatment options selection, the covariates used as independent variables were age and number of ribs fractured. This yielded 2 groups of 87 patients for the analysis that also had identical injury severity score (ISS). The MCG was further divided into several subgroups for comparison with the matching patients from SSRF subgroups into flail chest, PC, and preoperative interval categories. In all groups, patients with mortality within the first 24 hours were excluded.
Clinical data were obtained from the trauma registries of both hospitals and the Palm Beach County Health Care District Trauma Agency's registry. As necessary, data were supplemented with information obtained from the patients' electronic medical records. International Classification of Diseases, Ninth and Tenth Revisions, were used to identify abstracted variables. Analyzed variables included age, sex, ISS, mortality, number of RFX, number of total fractures of the ribs, number of displaced fractures, segmental location of RFX, incidences of flail chest, bilateral fractures, first RFX, PC, and multiple co-injuries. Flail chest was defined as fractures of 3 or more consecutive ribs in 2 or more places. Data regarding hospital length of stay (HLOS), intensive care unit length of stay (ICULOS), duration of mechanical ventilation (DMV), timing to surgery, and insurance status were collected as well. To quantify the proportion of surgically stabilized ribs, we calculated the Stabilization Index (SI). SI was computed as a ratio between plated and fractured ribs per patient, and it ranged from 0% to 100%. SI helps to compare data from different patient cohorts, to describe the level of stabilization achieved. [7] [8] [9] Statistical analysis was performed using IBM SPSS version 24.0 (IBM, Armonk, NY). The analysis included group characteristics and bivariate correlation comparisons. Categorical variables were analyzed with x2 test. In all groups, 2-sided independent sample t-tests for normally distributed variables were used to compare differences between variable means. Statistical significance was assumed when the calculated P value was below 0.05.
RESULTS
Comparison of demographic and clinical characteristics of patients between SSRF and MCG groups is presented in Table 1 . Comparison of co-injuries between those groups is presented in Supplemental Digital Content 1 (see Table, http://links.lww.com/JOT/A510). Distribution of fractured ribs versus surgically stabilized ribs is presented in Figure 1 .
Characteristics and co-injuries of SSRF patients plated within 3 days versus plated after 3 days are presented in Figure 2 , Supplemental Digital Content 2 (see Table, http:// links.lww.com/JOT/A511) and Supplemental Digital Content 3 (see Table, http://links.lww.com/JOT/A512).
The differences between lengths of stay, DMV, and characteristics of patients with and without flail chest, as well Insurance status was comparable between the surgical and nonsurgical groups with 94.3% of patients insured in the SSRF group and 87.4% covered in the MCG (P = 0.1). Calculated mean SI value in our patients was 66%, meaning that only two-thirds of fractured ribs in the SSRF group were surgically stabilized.
There were a total of 21 surgeons that were involved in the treatment of patients with RFX, either as consultants (15 physicians) or operators (6 physicians). Of the 6 active operators, 2 were working at both institutions, therefore contributing to the uniformity of treatment decisions. Operators were recommending SSRF in 65% of their patients, whereas consultants were advising surgery in 45% of their cases.
DISCUSSION
Patients in both SSRF and MCG groups were predominantly male, had similar age, mean number of fractured ribs, segmental distribution of RFX, and frequency of bilateral RFX. However, the mean number of total fractures of the ribs was significantly higher in SSRF patients. Despite the fact that the 2 groups had identical ISS, mortality was statistically significantly lower in the SSRF group than in the MCG (Table 1) . First rib fracture was encountered similarly often in both groups. This confirms the notion that upper ribs do not contribute considerably to the chest wall stability, while requiring technically challenging access and therefore are not routinely operated upon. 4 Predictably, displacement of the fragments played an important role in the decision for SSRF. Displaced RFX were present significantly more often in the SSRF group. The calculated SI among our SSRF patients of 66% is in agreement with previously reported values of 0.6 in patients treated with plating and 0.71 in those cases treated with intramedullary fixation. [7] [8] [9] These SI reflect the reality that not all of fractured ribs need to be plated to achieve a stable thoracic wall. In Analysis of the distribution of RFX revealed that ribs on the left side were fractured more frequently (Fig. 1) . Also, the left side was stabilized surgically more often than the right side (61.3% vs. 52.5%). On both sides, ribs 4 to 7 were broken and plated most often.
One of our major findings was that HLOS, ICULOS, and DMV were statistically significantly longer in SSRF patients compared with the MCG.
Comparison of co-injuries between groups revealed a very similar array of co-injuries in the SSRF and the MCG with pulmonary co-injuries being the most common, followed by orthopedic co-injuries. Pulmonary co-injuries were statistically significantly more frequent in SSRF patients (see Supplemental Digital Content 1, Table, http://links.lww.com/ JOT/A510).
The main indications, although relative, for SSRF have been described as (1) flail chest, (2) failure to control pain, (3) respiratory failure due to chest wall injury/pain, (4) chest wall deformity and noticeable loss of thoracic volume. [11] [12] [13] Considerations for SSRF are usually stronger with multiple RFX and particularly with presence of displaced RFX. Traditional contraindications, in addition to traumatic brain injury, include PC (so called parenchymal pathology). 11, 14 Timing of Surgery Among our patients, SSRF was performed between 1 and 23 days of admission with the mean time to surgery being (Table 1 ). There were only 3 cases when SSRF was performed within the first 24 hours of admission. The effect of preoperative interval (time from the admission to the time of surgery) on HLOS, ICULOS, and DMV was evaluated by comparison of 2 surgical subgroups: SSRF performed within first 3 days of admission (mean 1.4 days) and SSRF after 3 days (mean 6.4 days and 4-23 days range). Patients in these SSRF subgroups were also compared with their counterparts in the MCG (Fig. 2) .
days
HLOS and ICULOS were longer in plated patients, regardless of the timing of surgery, compared with the MCG (Fig. 2) . Patients who were treated surgically earlier (within 3 days) were different from the delayed surgical patients by higher number of fractured ribs and more frequent displaced fractures (see Table, Supplemental Digital Content 2 http:// links.lww.com/JOT/A511). Also, in the delayed surgical patients, there was a statistically significantly higher incidence of traumatic brain injury, which could be a possible explanation for the postponement of surgery (see Table, Supplemental Digital Content 3, http://links.lww.com/JOT/A512).
Stratification by 3 days for timing of SSRF was based on the recently published practice guidelines that advocate for a 72-hour window due to a technically easier surgery before the beginning of inflammation and callus formation and, therefore, less difficult fracture reduction. 15 In institutions with advanced experience with SSRF, the mean time from the admission to surgery has been reported to be 2.4 days. 9 It also seems that over time, proponents of SSRF are moving toward faster initiation of the surgical procedure. 16 
Stratification by Presence of Flail Chest
In our study, the incidence of flail chest was 5 times higher in SSRF patients, and it was statistically significant ( Table 1) . We also found that SSRF patients with flail chest had comparable HLOS, ICULOS, and DMV with the MCG patients with flail chest (Fig. 3) . SSRF patients without flail chest had statistically significantly longer HLOS and ICULOS compared with the MCG patients without flail chest (Fig. 3) . In recent study, Farguhar et al 17 observed longer hospital and ICU stays in patients with flail chest after surgical fixation. DeFreest et al 18 also reported longer hospitalization in polytrauma patients with flail chest treated with SSRF compared to those treated with nonoperative management.
In surgically treated patients, there were almost identical lengths of stay and DMV regardless of the presence of flail chest (see Table, Supplemental Digital Content 4, http://links.lww.com/JOT/A513). Although SSRF patients with flail chest had significantly higher ISS and number of ribs fractured than those plated without flail chest, it did not adversely affect HLOS, ICULOS, and DMV (see Table, Supplemental Digital Content 4, http://links.lww.com/JOT/ A513). These findings would support SSRF in more severely injured patients with flail chest. In the recent study published by Dehghan et al, 3 it was found that surgical stabilization of flail chest reduces the mortality to that of stable chest wall injuries. In our SSRF patients, mortality was not statistically significantly different between those with flail chest and those without (see Table, Supplemental Digital Content 4, http:// links.lww.com/JOT/A513). Occurrence of flail chest did not prompt earlier surgical intervention, which can be attributed to the presence of multiple RFX (.6) in both groups.
Stratification by Presence of Pulmonary Contusion
The incidence of PC in our SSRF group was statistically significantly higher than in the MCG (Table 1) . Our data compare with a recent report by Farguhar et al 17 that PC is present in most patients treated with a surgical approach.
There was longer HLOS in the SSRF patients with PC, compared to the MCG patients with PC, and this was statistically significant (Fig. 4) . There was also longer HLOS and ICULOS in the SSRF patients without PC in comparison with the MCG patients without PC, and this was also statistically significant. In both subgroups (with and without PC), DMV was comparable in surgically and nonoperatively managed patients (P . 0.4 for both).
SSRF patients with PC and without PC had comparable number of RFX, mortality, lengths of stay, and days to surgical intervention, whereas ISS was higher in the first subgroup (Fig. 4 , see Table, Supplemental Digital Content 5, http://links.lww.com/JOT/A514).
It seems that PC was not a factor affecting outcomes of surgical procedures and therefore recommendations to resolve PC before SSRF are not supported by our findings. This observation is contradictory to the previously suggested notion of PC as a contraindication for SSFR. 11, 14 Furthermore, Taylor et al 10 have also found that the presence of PC did not eliminate improvements after surgical stabilization of flail chest.
Other advantages described with SSRF included a decreased incidence of retained hemothorax and empyema. 16 In addition, it was reported that 2 years after discharge patients who were not treated with operative rib fixation demonstrated significant reduction in quality of life with particularly poor return to work. 19 The insurance status was similar in the 2 groups, therefore allowing us to assume that insurance was unlikely to be a factor in the decision for treatment option.
Our study has several limitations to be noted. This is a retrospective chart review and therefore is inherent to all known shortcomings of analysis of the prerecorded data. 20 Patient selection was limited to 2 Level 1 trauma centers. Prevalence of flail chest was higher in the SSRF group; however, this observation is also in support of this condition as an indication for surgical stabilization. The long-term follow-up was not included. The whole continuum of care of patients with RFX, which includes longstanding results, may reveal additional benefits of SSRF such as relief from chronic pain, prevention of deformity formation, return to work, etc. and, therefore, warrants further investigations. The comparison of surgical groups to MCGs of nonoperatively managed patients adds to the validity of the findings.
and flail chest were observed more often in patients with SSRF in comparison with corresponding patients in the MCG. Presence of PC did not seem to affect the outcomes of surgical treatment. Additional benefits of rib plating, including pain reduction and return to work, may be more pronounced in a long-term follow-up.
